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the Way!
Ronald Biro 1 , Bill Munsey2, and Irene Long3
1 The Bionetics Corporation, 2The NASA/KSC Payloads Projects Management
Directorate, and 3The NASA/KSC Biomedical Operations and Research Office
Abstract
The NASA Space Life Sciences Training Program (SLSTP) is designed to provide qualified young 
scientists and engineers to meet the future needs of life sciences research and operations in the 
Space Program. The SLSTP provides six weeks of intensive training at the Kennedy Space Center 
to some of the nations top undergraduates and offers an introduction to and hands-on experience 
in areas of current and future interest to NASA life sciences. The curriculum is composed of lec­ 
tures, discussions, and laboratory projects with emphasis on analytical thinking, team work, experi­ 
ment flow, payload processing, and the unique aspects of the space environment. Lectures are 
presented by top scientists, engineers, and administrators from all areas of the country. Lecture 
topics cover the history of the Space Program, current life science issues, future research directions 
and descriptions of the major space vehicles, support hardware, and equipment. The laboratory 
projects utilize real research situations where possible, often supporting upcoming Shuttle flight 
experiments, and demonstrate safety and timeline constraints as well as allowing for team interac­ 
tions. Formal and informal discussion sessions encourage analytical thinking and connect theory 
to practice. The SLSTP is now in its sixth year of operation and already appears to be having a 
significant impact on academic and career choices of tomorrow's scientists and engineers.
A Challenging Problem
In the near future NASA, and the Space Program in general, will potentially face a crisis of unprec­ 
edented magnitude. In a period when bold new endeavours in space are planned, a severe shortage 
of technically qualified and experienced scientists and engineers to meet the needs of the Space 
Program can be predicted. The number of scientists and engineers actively working in the Space 
Program has dramatically decreased since the end of the Apollo era. This fact is reflected in figure 
1 which shows the number and age distribution of NASA's civil service scientists and engineers 
over the past twenty-one years. Furthermore, many of those engineers and scientists that have 
remained are now close to retirement. Approximately 40% of NASA's current work-force of sci­ 
entists and engineers are expected to retire within the next 5 to 10 years. This same trend is 
believed to be observable in many of NASA's support contractors, as well. If this trend continues, 
the expected shortage of qualified personnel will greatly slow progress.
A recent report published by the National Space Society (Forman, 1990) also points out that as 
new people are hired to fill die future's expected growing demand, a communication and manage­ 
ment problem may develop. A bimodal distribution of scientists and engineers is developing. This 
distribution creates a gap between the recently hired young work-force and the now aged work­ 
force of the Apollo era. This gap is clearly evident in figure 1 in the data presented for the work­ 
force between 1985 and 1989. Newly hired young scientists and engineers are distantly removed 
from much of the remaining senior staff in age and experience. This age gap between current 
senior management and may result in a disjunction making the transfer of knowledge from the 
work-force of the Apollo era to the work-force of the Space Station and Lunar Base era a difficult 
task. Failure to adequately transfer the knowledge and experience of the experienced work-force 
could lead to the need to "reinvent the wheel" and the repetition of costly and sometimes tragic 
mistakes made in the past. The longer the wait to bring in new, young scientists and engineers, the 
smaller, the number of experienced scientists and engineers will become and, therefore, the more 
difficult the transfer of information. Furthermore, this problem will create further difficulties as 
senior management retire. NASA will be forced to promote very young scientists and engineers
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Figure 1:
The Age Distribution of NASA Scientists and 
Engineers Over the Past Twenty-One Years
into high level responsible positions. These young managers will lack the experience needed to 
operate efficiently in the management arena.
An additional problem may face the Space Program as it attempts to fill the expected demand for 
scientists and engineers. The pool of young people for hire by the Space Program is now smaller 
than it was 25 years ago. The products of the baby boom can no longer be taken advantage of 
Furthermore, there appears to be significant change in direction in the interests of young people. 
Students don't see the relevance of science to their lives ( Jenkins and MacDonald 1989). This 
problem may be further aggravated by the fact that NASA, and many of the space contractors have 
received considerable amounts of bad publicity in recent years and many young people are not as 
anxious as they once were to look to the Space Program for jobs. For those who are interested in 
science and engineering, other attractive, high paying, high technology, career opportunities have 
become more common in recent years. The Space Program must now compete more aggressively 
with these for the best people.
Many young scientists now leaving the educational system lack many of the fundamental skills 
needed to fill the demands of the future's Space Program (Mullis and Jenkins, 1988). This is per­ 
haps due in part to a failure of our educational process but is also a reflection of the fact that many 
students do not understand the requirements for careers in the Space Program and, therefore, do 
not take the necessary classes. In any event, a finding of extreme importance to the future of the 
Space Program is the fact that a large percentage of young science and engineering oriented people
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are only poorly able to integrate scientific concepts into practical applications. This ability to 
apply scientific knowledge is the cornerstone upon which the Space Program has been built. 
Additionally, many young people today are exposed to a future in space mostly through science 
fiction television shows and movies. These can present a distorted view which can severely mis­ 
lead a person into believing that solutions to many of the problems of living and working in space 
have already been solved or will be solved through some miraculous natural sequence of events. It 
is not uncommon to find that some young people believe that someone else will be there to solve 
tomorrows problems. They, therefore, feel they need not expend the effort now to learn the neces­ 
sary skills needed to find the answers themselves.
A Formula to Meet the Challenge
Of all the necessary technologies and sciences, the United States1 knowledge of space life sciences 
is considered by some as being perhaps the farthest behind in preparation for planned Space 
Station, Mars, and Lunar missions. Many fundamental questions remain unanswered as to how 
best to support an extended presence of human beings, plants, and animals in the space environ­ 
ment. NASA's Life Sciences Division at NASA Headquarters in Washington, D.C. has taken a 
bold step to meet these challenges of the future. In 1985, The NASA Space Life Sciences 
Training Program (SLSTP) was implemented as one means of solving the problem of providing 
qualified scientists and engineers to support future space efforts.
The SLSTP is a summer educational program conducted, each year, at the Kennedy Space Center. 
The program currently brings 36 of the nations best undergraduate students to Florida, during June 
and July, for six weeks of intensive training in NASA's life science operations and research. The 
SLSTP is sponsored by NASA's Office of Equal Opportunity Programs and the Office of Space 
Science & Applications Life Science Division in Washington. Design of the curriculum and 
implementation of the summer session is conducted by The Bionetics Corporation under contract 
to the NASA KSC Biomedical Operations and Research Office and the NASA KSC Payloads 
Projects Management Directorate. Student recruitment and selection is the responsibility of 
Florida A&M University through a grant from NASA. Florida A&M University also provides 
logistical support to the students during the program and awards 5 hours of college credit to all stu­ 
dents successfully completing the coursework.
Students are selected on a competitive basis nationwide. Each selected student must have a cumu­ 
lative grade point average of at least 3.0 at the time of application and have an expressed interest 
in pursuing an eventual career in the life sciences or a related field. Each student receives round 
trip transportation between his or her home and the Kennedy Space Center and free accommoda­ 
tions in Cocoa Beach, Florida during their six-week stay. Each student also receives a daily 
allowance which covers meals and other incidental expenses.
The six week SLSTP curriculum involves morning lectures by leading research scientists, manag­ 
ers, engineers, and astronauts from NASA Centers, distinguished universities, and industry (Table 
1). Tours of the KSC Shuttle and payload facilities provide students first-hand knowledge of the 
processes involved between arrival of a life science flight experiment at KSC and final integration 
of that experiment into the Shuttle. In the afternoons students are actively involved in the planning 
and execution of experiments that span the range of life sciences research of current interest to 
NASA. These experiments are chosen to provide the students with experience in as many aspects 
of flight experiment development as possible; from experiment conception and design, to timeline 
development, protocol testing, and actual flight operations. In the absence of actual Shuttle flight 
experiments, ground-based flight simulations with reasonable fidelity are planned. Evening and 
weekend activities are scheduled to include informal discussions with visiting lecturers and astro­ 
nauts and work on special projects. The curriculum emphasizes the unique features of experi­ 
ments conducted in the spaceflight environment which include weightlessness, space limitations, 
and issues of compatibility with other on-board experimental requirements.
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Table 1: Summary of Major Lecture Topics Covered by the SLSTP between 1985 and 
1989. (Topics in bold faced type were presented every year of the program)
•Amphibian Embryo Development in Microgravity
•Animal Care and Animal Rights
•Animal Nutrition
•Apollo 13 Mission
•Assumptions and Teamwork
•Astronaut Timelines
•Astronaut's Experiences
•Biospherics Program
•Cardiovascular Deconditioning
•Careers in Aerospace Medicine
•Chronobiology
•Controlled Animal Nutrient Delivery System
•Controlled Ecological Life Support Systems
•Data Downlink and Ground Operations
•Decompression Sickness
•Educational Opportunities
•Effects of Microgravity on Animals
•Electromyostimulation
•Emergency Medical Operations
•Exercise Physiology
•Exobiology
•Flight Experiment Development
•Flight Experiment Review
•Flight Medicine Operations
•Grant Proposal Process
•Gravity Responses of Plants
•History of Hight Experiments
•Human Space Physiology
•International Microgravity Laboratory
•KSC Biomedical Office Operations
•KSC Environmental Monitoring
•Lipid and Cholesterol Metabolism
•Mammalian Embryo Development
•Mars Mission
•Mathematical Modeling
•Metabolism and Decalcification
•Microgravity Physics and Operations
•Middeck and DSO Experiments
•Mission Integration of a Flight Experiment
•Mission Operations
•Muscle Atrophy
•NASA Future Projects
•Payload Specialists
•Plant Chromosome Experiment
•Plant Electrotropism
•Plant Gravitational Hormone Biology
•Principals of Scientific Investigation
•Radiation Biology
•Research Animal Holding Facility
•Robotics and Machine Vision
•Scientific Presentation Preparation
•Sea Urchin Embryology in Microgravity
•Search for Extraterrestrial Intelligence
•Security Awareness
•Skylab
•Soviet Life Science Flight Experiments
•Soviet Primate Experiments
•Space Adaptation Syndrome
•Space Biology Program
•Space Immunology
•Space Industries Inc.
•Spacelab Life Sciences 1
•Space Life Sciences Program
•Space Medicine
•Space Microbiology
•Space Pharmacology
•Space Shuttle
•Space Station
•Space Station Health Maintenance Facility
•Spacelab
•Spacelab 1
•Spacelab 2
•Statistics and Experiment Design
•Stress Management
•Telescience
•Vestibular Physiology
Table 2: Summary of the Major Laboratory Research Projects Utilized for SLSTP 
Student Participation between 1985 and 1989._____________________
HUMAN:
• Studies of the effects of weightlessness on the human cardiovascular system
• Characterization of a system for human electromyostimulation
• Study of factors influencing induction of space motion sickness
• Examination of the effects of eccentric and concentric exercise on human muscle soreness
• Testing of otolith function for baseline data collection
• Visual and vestibular testing for baseline data collection 
PLANT:
• Study of gravity as a stress on plant growth and development
• Development of a reliable system supporting plant electrotropism
• Testing of protocols allowing an inflight harvest of plant materials
• Examination of the occurance of chromosomal abberations in plant cells in microgravity 
ANIMAL:
• Development of a system for the support of aquatic crustaceans in microgravity
• Development of systems required for inflight sea urchin embryo development
• Development of a reliable on-demand feeding systems to support rodents in microgravity 
CONTROLLED ECOLOGICAL LIFE SUPPORT SYSTEM:
• Characterization of fungal systems capable of digesting cellulose
• Examination of potential plant lighting systems 
/«Examination of the potential for nutrient recycling in plant growth systems
• Examination of the potential for the use of plant tissue culture as a "seed" source
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Some of the experiments in which the students have become involved (Table 2) include plant stud­ 
ies testing the effects of the space environment on the genetics and growth of small seedlings, pro­ 
jects aimed at developing an on-demand feeding system for research animals to be flown on the 
Shuttle, and human studies of sensory conflict, muscle atrophy, and cardiovascular changes related 
to spaceflight. Students participate in development and testing of operational protocols, perform 
ground-based control experiments, conduct, analyze and evaluate postflight testing sessions.
In addition to the lectures and laboratory activities, which make up the heart of the SLSTP, the stu­ 
dents participate in lengthy discussion sessions which help link theory to practice and help the stu­ 
dents work as a team. Students are also encouraged to participate in informed discussions with 
available personnel and opportunities are provided for such discussions.
These activities are all designed with several goals in mind. The program attempts to familiarize 
college-level students with NASA's life science operation and research efforts by offering a real- 
world hands-on work situation. Flight and time constraints are emphasized as well as the necessity 
for teamwork and an understanding of a wide diversity of scientific knowledge. This is provided 
with the intent to inform the students of the requirements of a career in space life sciences. The 
hope is that students will then make better course selection decisions at their colleges and universi­ 
ties and thereby be better prepared when they enter the workforce.
To stimulate enthusiasm, the SLSTP attempts to present the excitement associated with the flight 
of the Space Shuttle. Locating the SLSTP at the Kennedy Space Center immerses the students in 
the activities surrounding the Space Shuttle. Every attempt is made to take advantage of exciting 
aspects of Shuttle operations such as launch preparations. In addition, every attempt is made to 
involve the students in cutting-edge laboratory activities that are current with the research pro­ 
grams at KSC. Canned experiments, and demonstrations of known facts are avoided. Students are 
also made to feel that they are making a worthwhile contribution to real scientific efforts. This not 
only provides excitement but places the students in positions of some responsibility which acts to 
stimulate them to greater achievement and improved performance. Furthermore, the students are 
allowed, to a certain degree, to struggle with the problems which one can face in a research envi­ 
ronment. In this way, the students learn that not all space life science activities are glamorous. 
The realities of tedious operations and the frustrations of occasional failures are presented and 
discussed.
The SLSTP attempts to build on the education received at universities and colleges. The Kennedy 
Space Center is not by design an educational institution and does not try to replace the role of uni­ 
versities. In fact, many aspects of research, such as the use of statistical analysis, are not dwelt 
upon in the SLSTP. Instead the students are exposed to the need for consideration of statistical 
analysis and the mechanics of the statistical operations are performed by automated systems. It is 
believed, however, that the insights gained by students at the Kennedy Space Center will help them 
integrate the concepts taught elsewhere and will provide possible directions for further learning 
and eventual careers.
The SLSTP is without a doubt an intensive study program. Daily activities are scheduled from 8 
A.M. until 10 P.M. on many days. The students are placed on "on call" status during the six-week 
session and have been known to be required to perform needed operations in the laboratories at all 
hours of the night and on weekends. During free time the students are encouraged to take advan­ 
tage of an SLSTP library facility where reprints of relevant articles are located and videos of all 
past presented SLSTP lectures are available for viewing. The students also work on small group 
projects during their off hours. The small group projects usually involve conceptualization and 
design of systems which will be needed to support various aspects of life in microgravity. These 
projects help develop teamwork and stimulate a mental framework of the realities and problems 
associated with the microgravity environment. There is little time to be wasted during the summer 
session and students soon learn to carefully schedule everything from sleep to recreation.
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Achievement of all of the goals of the SLSTP is a year-round task at the Kennedy Space Center. 
Even though the undergraduates are in residence for only six weeks, the planning and preparation 
of each summer session takes more than a year of effort. Careful consideration is given to integrat­ 
ing the students and their projects into on-going KSC activities in such a way as not to interfere 
with critical Shuttle launch support operations. Student laboratory participation projects are care­ 
fully selected so that no risk of unwanted infringement into the efforts of others is permitted. The 
SLSTP, in fact, attempts to provide small services to investigators by conducting studies and per­ 
forming experiments which may provide valuable data to those investigators. Quite often there are 
parameters which need to be evaluated which an investigator is unable or unwilling to spend time 
on. Occasionally an investigator does not have the necessary equipment, supplies nor manpower 
to perform needed studies. The SLSTP can tap the resources of the Kennedy Space Center for 
equipment and supplies and can easily provide at least 36 eager young minds and bodies when 
manpower is needed. All of this effort, however, takes considerable planning and near constant 
communication with flight, research, and logistics personnel to keep SLSTP from becoming an 
unacceptable burden on other operations.
Organization of the SLSTP curriculum is provided by a fulltime program manager and support for 
implementation is provided by a small staff of graduate students who work at the Kennedy Space 
Center for several months, before the arrival of the undergraduates, developing the laboratory 
activities. Backing for and supervision of the SLSTP is provided by the NASA/KSC Biomedical 
Operations and Research Office and the NASA/KSC Payloads Projects Management Office. 
Many of the in-house scientists and engineers at KSC also support implementation of the SLSTP 
by providing lectures and laboratory activities. Florida A&M University provides four faculty- 
level counselors which live with the students during the summer session and provide necessary 
guidance and assistance. Additionally, the SLSTP attempts, when possible, to utilize summer co­ 
op students and students from other NASA programs such as NASA's Summer High-school 
Apprenticeship Research Program (SHARP) as assistants, and technicians. Many proposed 
SLSTP protocols and activities are also tested on high school students participating in NASA's 
Unique Resident Training for Up-and-coming Replacement Engineers (NURTURE).
Early Returns
The summer of 1990 will bring the sixth session of the SLSTP. By the end of the summer nearly 
200 undergraduates will have completed the course. The SLSTP is designed to have long-range 
impacts on the student participants. Major profits from the program are expected only when the 
participating students complete their formal education and enter the workforce. However, some 
measure of the potential impact of the SLSTP on the students is desirable now so that appropriate 
alterations can be made in the curriculum to optimize the return on NASA's investment. Florida 
A&M University has been charged with tracking the progress of former SLSTP participants to 
attempt to provide this measure of success. Their findings along with observations made many 
others seem to indicate that the SLSTP may be even more successfiil than originally planned.
Of those students that have already completed the course, it is evident that all are now strong advo­ 
cates of the Space Program and all are now very familiar with NASA's life science operations and 
research interests. Calls and letters continuously come into the SLSTP office from people who 
have come in contact with former SLSTP students. It is evident that a majority of former SLSTP 
students are now spreading the word among their friends. Of those students surveyed, better than 
70% are making presentations to various organizations and groups in their area. These presenta­ 
tions are informing and exciting other young people as to the possibility of working in the Space 
Program.
Better than 80% of surveyed students comment on the fact that they now have a much greater abil­ 
ity to make better college course selections that will better prepare them for technical careers. 
Many have developed a new appreciation for the need to better understand chemistry, physics, and 
mathematics. The possibility of working in the Space Program is deeply implanted in their minds 
and is considered a highly desirable option. Over 50% of the students have indicated ion of goals
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toward space-related areas. Approximately 40% of the students have reported that their experience 
in the SLSTP has opened their eyes to a wide number of alternatives that were never considered 
before.
A continued involvement with the Space Program is already evident among some former students. 
Some students have contacted NASA affiliated investigators at their universities and several 
former students are now active in space-related research projects. Thanks to contacts made in the 
SLSTP, at least 10 former students are actively pursuing participation in other space-related educa­ 
tional programs. Internships at the Johnson Space Center and Langley Research Center have been 
reported as well as interest in participation in the International Space University. Six former 
SLSTP students have returned to the Kennedy Space Center to assist in implementation of the 
SLSTP as staff members.
Originally unforeseen products of the SLSTP are the graduate student assistants who work to 
develop the laboratory projects implemented as part of the SLSTP. Since 1985 27 assistants have 
been utilized by the SLSTP. These positions could be described as internships. Not only are the 
assistants paid as employees during their eight month stay at KSC, but many also receive college 
credit from their home universities. These universities realize the valuable training received by the 
assistants as they work at KSC and are generally grateful to KSC for returning graduate students 
who have matured and gained confidence in their abilities. These young scientists and engineers 
learn, perhaps, more than the undergraduate participants. The real-world work situation is new to 
most of the graduate students and the responsibilities of the positions force many changes in atti­ 
tude. After an SLSTP internship the graduate students return to their universities with a fresh out­ 
look. Many go on to work in NASA funded laboratories. At least 5 have been offered prestigious 
positions with space-related industries. Five former SLSTP graduate student assistants have 
become fulltime employees at the Kennedy Space Center. The graduate students, therefore, can be 
considered rapid return investments and are already helping to relieve the shortage of qualified and 
experienced scientists and engineers supporting the Space Program.
Likewise, the faculty level counselors provided by Florida A&M University (19 to date) return to 
their colleges and schools with an enthusiasm for the Space Program. They also are, therefore, 
considered rapid return investments of the SLSTP. Most are active in "spreading the gospel" of 
the SLSTP and encourage many students to consider the Space Program as a career option. At 
least 2 have proposed possible flight experiments and some are undertaking space-related research 
projects which they probably would never have considered if not for their exposure to the SLSTP. 
Four are known to have proposed space science courses at their schools.
In addition to the people who are obvious products of the SLSTP the program has been scientifi­ 
cally valuable to the space life sciences community. Although not a primary goal of the program, 
the SLSTP, has been able to provide significant service to several investigators involved in flight 
research. The SLSTP has been able to provide a wealth of ground-based baseline data which is 
used for comparison to flight data. Several preliminary feasibility studies have been performed by 
the SLSTP as well as protocol testing and verification of proposed flight operations. The SLSTP 
students have made significant contributions in several areas of scientific and technological 
research. These include characterizations of lighting and hydroponics systems for use in space- 
based controlled ecological life support systems and development of an on-demand feeding system 
which, potentially, could eliminate several problems associated with the care and feeding of exper­ 
imental rodents in space.
Since the SLSTP attempts to involve investigators who are working their way toward an eventual 
experiment aboard a Shuttle flight, the SLSTP offers a pathway for developing those experiments. 
The investigators, through the SLSTP, are able to learn just what will be involved in processing 
their at KSC. They are also able to tap the minds of the SLSTP students to solve 
problems arid provide ideas for ways to do things better. Although most investigators are initially 
at the thought of having 36 students involved in their projects, all investigators, to date,.
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who have volunteered to support the program are now strong program advocates and have com­ 
mented on how their involvement with the students has helped bring their projects closer to flight.
A Continued Commitment
The SLSTP promises to produce young scientists and engineers who are at least one step ahead of 
most others in their understanding of the requirements and complexities of careers in the Space 
Program. As a result of the SLSTP student selection process and thanks to the many people who 
make the SLSTP curriculum so successful, a slowly growing group of highly motivated and intelli­ 
gent young people interested in solving the problems associated with living and working in space 
now exists. In no way can these young people be considered average or typical of the scientists 
and engineers being produced in the United States. The students of the SLSTP represent the 
"cream of the crop" and they possess skills, knowledge, and experience few others can match. 
However, the momentum produced in these SLSTP students could be lost when they complete 
their summer at KSC and return to their university or college studies. Perhaps one of the biggest 
questions asked by former SLSTP students is "Where do we go from here?" The question of how 
to keep in touch with developments in the space life sciences is also a major concern. It is 
expected that several years may go by, as the students complete their undergraduate and graduate 
work before they are ready to take places in the Space Program. To reap the greatest benefit from 
the efforts of the SLSTP, former SLSTP students must be able to continue their contact with the 
Space Program and must be kept informed of opportunities that may develop which could mutu­ 
ally benefit them and the Space Program. The SLSTP attempts to do this through newsletters to 
the students and by encouraging the students to join professional societies and organizations 
devoted to space research and development. Lists of names and addresses of Space Life Sciences 
investigators and other potential contacts are provided to each student. Every attempt is made to 
inform the students of the currently available stepping-stones which could be used to continue an 
involvement in the space life sciences. Other NASA summer programs, internships, and scholar­ 
ship opportunities at the undergraduate, graduate, and postdoctoral level are presented to the 
SLSTP students. Unfortunately, the number of available slots in these areas is extremely limited 
and it is estimated that the number of SLSTP students who are unable to take advantage of these 
opportunities due to a lack of space or funding is great. New and innovative ways must be found 
to keep the talents and experience of former SLSTP students, who desire careers in the Space 
Program, from being dispersed into non-space-related areas.
The SLSTP is a small but significant step toward meeting tomorrow's needs today. It is preparing 
the way for better support to tomorrow's efforts in the space life sciences and the eventual explora­ 
tion of the moon, Mars, and beyond by men and women who will live and work in space with 
comfort and security.
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